ABSTRACT. A continuum M is said to be X connected if any two distinct points of M can be joined by a hereditarily decomposable continuum in M.
Recently this generalization of arcwise connectivity has been related to fixed point problems in the plane. In particular, it is known that every A connected nonseparating plane continuum has the fixed point property.
The importance of arcwise connectivity is, to a considerable extent, due to the fact that it is a continuous invariant.
To show that A connectivity has a similar feature is the primary purpose of this paper. Here it is proved that if Ai is a A connected continuum and / is a continuous function of M into the plane, then f(M) is A connected.
It is also proved that every semiaposyndetic plane continuum is A connected.
Introduction.
A nondegenerate metric space that is both compact and connected is called a continuum.
It is known that every plane continuum that has a hereditarily decomposable boundary and does not separate the plane has the fixed point property [l] . Recently the author [4] proved that every arcwise connected nonseparating plane continuum has a hereditarily decomposable boundary. Hence all arcwise connected nonseparating plane continua have the fixed point property.
In [7] it is pointed out that the author's theorem remains true if the word "arcwise" is replaced by "A". In fact, in [7] it is proved that a plane continuum that does not have infinitely many complementary domains is A connected if and only if its boundary does not contain an indecomposable continuum.
Here, in response to the first question, we prove that every planar continuous image of a A connected continuum is A connected.
To deal with the second question, we must consider general properties that do not imply arcwise connectivity. Throughout this paper S2 is a 2-sphere. The closure and the boundary of a given set Z are denoted by Cl Z and Bd Z respectively. The union of the elements of Z is denoted by St Z.
Definitions. Let X be a continuum in S2. A continuum L in X is said to be a link in X if L is either the boundary of a complementary domain of X or the limit of a convergent sequence of complementary domains of X. A continuum T in X is said to be a 2-link in X if T is the union of two (not necessarily distinct) links in X. An indecomposable subcontinuum 7 of X is said to be terminal in X if there exists a composant C of I such that each subcontinuum of X that meets both C and X -7 contains 7.
Preliminary results. terminal in fiM).
Theorem 3. // X is a continuum in S and no finite collection of links in X contains an indecomposable continuum in its union, then X is A connected.
Proof. Let pj and qx be distinct points of X. We shall construct a hereditarily decomposable continuum Q in X that contains pj and aj.
Let A be an arc in S from pj to ffj ordered by <. In the last part of this proof, Bd Gj will be referred to as a selected 2-link.
Assume that Vj does not have this property.
Suppose there exists an element E of Vj in X -ipj, Oji that meets both Eg and LQ. Define Kj = 77Q U E U LQ. Later E will be referred to as a selected 2-link. If after this process is repeated n (finitely many) times K is defined, then let Zj = Kn u U"=~i '"f ^' ^or eacrl positive integer n, the set Tn is defined, (1) For each tz, the link E'n is contained in a selected 2-link L and a point vln of a basic set in L is in [r, v) O E'n.
(2) The sequence \v'n\ converges to v.
We now show that one of Fj, F2, and Fj is contained in the union of the othet two. = (F3 u E*) n cKi/j u u2) = 0.
Let Xj be a continuum in 5 -E that is the union of an arc in is, v), an element of IE j in X -CliU2 U U¿) that meets both (s, v) and t/j, and an element of {E2\ in X -Cl(Ej U Í73) that meets both is, v) and U2.
There exists a continuum X2 in S -(E U Xj) that is the union of an arc in (s, v), an element of {E ] in X -Cl(f2 u U,) that meets both (s, v) and Í7j, and an element of iEni in X -Cl(íi¡ u U^) that meets both is, v) and E2.
There exists a point / of is, v) such that no element of iE^| meets both it, v) and Xj u Xj. Let T be the continuum Fj U E2 U Xj u X2 U CKt/j U E2).
There is an element H of ÍE3j in S -T that meets both it, v) and U,. The Continuity. Theorem 5. If M is a X connected continuum and f is a continuous function of M into the plane, then fiM) is X connected.
Proof. Suppose p and q ate distinct points of fiM). Since M is A connected, there exists a hereditarily decomposable continuum H in M that meets both /"* ip) and /" iq). According to Theorems 3 and 4, fÍH) is A connected.
Hence there exists a hereditarily decomposable continuum in fÍH) that joins p and q. It follows that fiM) is A connected. Aposyndesis.
Theorem 6. If X is a semiaposyndetic plane continuum, then X is X connected.
Proof. Assume there exists an indecomposable continuum / that is contained in the union of finitely many links in X. Let x and y be distinct points of 7.
According to Theorem 1, every subcontinuum of X that contains a point of jx, y]
in its interior relative to X contains /. This contradicts the assumption that X is semiaposyndetic. It follows from Theorem 3 that X is A connected.
